This study aimed to prepare silk fibroin (SF) films loaded with honeysuckle flowers extract (HFE) for inducing apoptosis of HeLa cells. We mixed solution of SF and HFE by air-drying for preparing the honeysuckle flowers extract loaded silk fibroin (SFH) films. The physical properties including morphologies, contact angle, roughness, and Z range were characterized. MTS assay and fluorescence micrographs proved that SFH films inhibited the proliferation rate of HeLa cells due to induction of HFE into SF films. Furthermore, cell apoptosis assay and cell cycle analysis confirmed that the apoptosis of HeLa cells resulted from SFH films. Therefore, SFH films designed in our study might be a promising candidate material for cancer therapy.
Wang, Yao, Shao, & Chen, 2016) and microspheres (Srihanam, Srisuwan, Imsombut, & Baimark, 2011; Wen et al., 2011) under mild processing conditions. This allows SF to be utilized as a promising material for biomedical applications such as drug delivery (Coburn et al., 2015; Wongpinyochit, Uhlmann, Urquhart, & Seib, 2015; Wu et al., 2016) , tissue engineering (Han et al., 2015; Liu, Bai, & Zhao, 2014) , and wound repair (Jin et al., 2014; Xu et al., 2015) .
On the other hand, honeysuckle has been applied for long history as a commonly used veterinary medicine. Honeysuckle flowers (HFs) are the dry flower buds or early opening flowers of Lonicera japonica Thunb in the Caprifoliaceae family (Lei et al., 2016) . These flowers are abundant in organic acids, flavonoids, volatileoil, terpenoids, and inorganic elements. They showed pharmacological effects, This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. detoxifying, protection of the liver and gallbladder, resistance to inflammation, lowering of blood lipid levels, and blood pressure (Gan et al., 2014; Lei et al., 2016) . Increasing evidence has demonstrated that compositions and microstructures of materials used to support cancer cell growth play an important role in the fate of cancer cells (Gopal, Sita, Barbara, Valery, & Mao, 2010; Qiu et al., 2013) . Previous research suggests that the mainly active ingredients of honeysuckle are chlorogenic acid and luteolin (Zhang et al., 2014) ．It is reported that chlorogenic acid killed pathogenic bacteria strains (Shigella dysenteria and S. pneumoniae) by promoting irreversible permeability changes in cell membrane. This led cells to lose the ability to maintain membrane potential and released cytoplasm macromolecules including nucleotide (Lou, Wang, Zhu, Ma, & Wang, 2011) .Therefore, HFs is a potential candidate to be made for anticancer drugs.
To our best knowledge, there is no report about anticancer drug delivery of using SF as a drug carrier for honeysuckle flowers extract (HFE) delivery. For achieving this goal, we attempted to mix SF aqueous solution and HFE to prepare HFE loaded SF films. A 20-min steam treatment was used to make film stable. Then films were cultured with penicillin-streptomycin were purchased from Gibco.
| Preparation of aqueous B. mori SF solution
The aqueous SF solution was prepared according to procedure described previously (Rockwood et al., 2011) . Briefly, B. mori cocoons were cut into small pieces and degummed in Na 2 CO 3 aqueous solution (0.5%) at 1008C for 30 min and then rinsed thoroughly with deionized water to remove glue-like sericin protein. This degumming process was repeated twice. After washing and drying, the silk fibers were then dissolved in 9.3M LiBr solution at room temperature, followed by dialysis with cellulose tubular membranes (molecular weight cutoff, 3500 Da) against deionized water for 3 days to remove the LiBr salt. The 
| Preparation of HFE loaded SF films
The concentration of HFE was 1 g/mL. 50 lL SF solution was dropped on the roundish glass slide (diameter 0. 
| Characterization
Stabilized films were assembled on a metallic base, coated ingold, analyzed and photographed by scanning electron microscope (SEM, SU8010; Hitachi, Japan). And films were also observed with atomic force microscopy (AFM, MultiMode, VEECO, USA.) in tapping mode.
The static water contact angle measurements were carried out both on SF films and SFH films by using a goniometer (OCA20, DataPhysics, Germany) with deionized water. For AFM, SF solution and the HFE solution were mixed at a ratio of 5:2, 200 times diluted by deionized water, and the final concentration of SF solution was 0.5 mg/mL, the final concentration of HFE solution was 5 mg/mL. 10 lL of this mixed diluted solution was deposited on freshly cleaved mica and air-dried, followed by a 20-min steam autoclaving cycle. The images were taken and processed by software (NanoScope Image).
| Cell morphology and proliferation
We 
| Apoptosis assay
HeLa cells were cultured in 6-well plates at a density of 
| Statistical analysis
Data were analyzed using GraphPad Prism 5.0 (GraphPad Software, La Jolla, USA showed that SF films with nanorod-like morphology turned to nanorods clusters after addition of HFE. Their corresponding 3D images of AFM indicated that SF and HFE were distributed homogeneously on films (Figure 3c,d) .The statistical analysis of RMS roughness and Z range of the SF film and SFH film are indicated in Figure 3e and f, respectively. The RMS roughness of SF and SFH films was 0.67 6 0.14 nm and 1.45 6 0.29 nm, respectively. The Z range of SF and SFH films was 5.87 6 1.94 nm, 12.24 6 2.92 nm, respectively. This suggests that SFH film has rougher surface than SF film does due to induction of HFE in SF.
| Cell morphology and proliferation
To determine the effect of the SFH film on inhibiting cell growth, we seeded HeLa cells cultured with SF films and SFH films for observing 
| Cell apoptosis analysis
Apoptosis is a crucial physiological process that is considered as the preferred way to annihilate cancer cells (Ban et al., 2009; Ren et al., 2015) . To elucidate whether the HeLa cells death induced by HFE occurred through apoptosis induction, we performed the apoptotic characterization in SFH-treated cells by Annexin V-FITC and PI double staining and flow cytometry analysis, and the percentage of apoptotic cells was calculated from the ratio of the sum of early plus late apoptotic cells at 1, 3, and 5 days of exposure, respectively.
As shown in Figure 5 , no apoptotic nuclei were observed in the control, indicating that 99.9% of HeLa cells were in normal condition.
After HeLa cells cultured with SFH films for 1 day, the percentage of early apoptotic cells increased to 3.59% in contrast with control cells (0.00%). Furthermore, after cultured with SFH films for 3 and 5 days, the percentage of apoptotic cells increases to 6.87% and 8.12% compared to the control, respectively. This means that SFH films continually released HFE to cell culture, leading more cells underwent apoptosis, the results were consistent with the MTS assay results.
| Cellcycle analysis
In addition, we characterized the effect of SFH films on cellcycle distribution of viable cells by FCM of PI-stained cells. The results demonstrated shifts in cellcycle distributions of viable cells after treatment ( Figure 6 ). For the control, cellcycle distributions were 25.41 6 1.71% in G1, 43.87 6 1.78% in S, and 30.73 6 2.26% in G2. After treatment with SFH, there was a highly significant shift in cellcycle distribution to 39.96 6 0.80% (G1), 40.98 6 2.72% (S), and 19.06 6 1.93% (G2).
These results indicated that SFH arrested HeLa cellcycle progression at G1 phase, resulting in the growth inhibition of the cancer cells. These results are in strong agreement with the cell apoptosis analysis, and SFH was shown to induce apoptosis in HeLa cells.
In our study, we used SF as a drug carrier to load HFE. The experiments of in vitro cytocompatibility, cell apoptosis assay and cell cycle analysis confirmed the apoptosis of HeLa cells resulted from HFE loaded silk fibroin-based films.Thus, SFH films may potentially be functionalized with cell-homing peptides for selective killing of cancer cells (Naveen et al., 2013; Sreeram, Shoba, Gopal, Andrew, & Mao, 2010) 
| C ONC LUSI ON
In summary, we have successfully prepared SF films loaded with HFE.
SF was used as a drug carrier for HFE delivery for the first time. SEM and AFM confirmed that SFH films were prepared. MTS assay suggested that the proliferation rate of Hela cells cultured with SFH films was lower than on SF films, agreeing with the results of fluorescence micrographs. Apoptosis assay further confirmed that a part of cells cultured with SFH films were undergoing apoptosis as the rate of apoptosis increased with time. Cellcycle analysis showed that SFH films arrested HeLa cellcycle progression at G1 phase, causing the growth inhibition of the cancer cells. It is in strong agreement with the cell apoptosis analysis. Hence, we expected that SFH films might be a promising candidate material for cancer therapy.
